BENCHMARKS
Mitochondrial membranes of lower and higher eukaryotes contain voltage-regulated channel proteins, also referred to as voltage-dependent anion-selective channels (VDACs) or porins. VDACs have been shown to function as voltage-gated pores in the outer mitochondrial membrane (1); they play a crucial role not only in mitochondrial membrane permeability but also in apoptosis (2) . Proteins of the VDAC family are proposed to be mostly embedded in the membrane and organized into several transmembrane β strands and one amphipathic α helix at the N-terminal end (3) . These ion channels have been found in a wide variety of organisms, including the yeasts Saccharomyces cerevisiae and Neurospora crassa. S. cerevisiae contains two VDAC genes, POR1 and POR2, which encode Por1p and Por2p, proteins that share 49% protein sequence identity (4). Por1p comprises 283 amino acid residues; the channel migrates as a protein of approximately 29 kDa molecular mass when analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under denaturing conditions (5) . Procedures have been developed to purify Por1p from S. cerevisiae and N. crassa; however, these methods are labor-intensive and require relatively large amounts of starting material (4, 6) .
We have developed a protocol for the rapid purification of Por1p from the yeast S. cerevisiae. To achieve this, 1 L of the wild-type yeast strain ABYS1 (pra1 prb1 prc1 cps1 ade2) was grown in yeast extract peptone dextrose (YPD) (7) overnight at 30°C to a density of approximately 4 × 10 7 cells/mL. For the enrichment of the organelles, the cells were essentially treated as previously described (8) .
Briefly, spheroplasts were generated by digestion with zymolyase 20T (20 mg zymolyase/g cells) (Seikagaku, Rockville, MD, USA) and lysed in buffer containing 12% Ficoll™ (Amersham Biosciences, Uppsala, Sweden), 20 mM PIPES, pH 6.8, and 1 mM MgCl 2 (lysis buffer). All solutions (except for the buffer used for spheroplasting) contained a protease-inhibitor cocktail [0.1 µg/mL each of 1 mM phenylmethylsulfonyl fluoride (PMSF), aprotinin, antipain, chymostatin, leupeptin, and pepstatin]. Upon cell lysis (8), a crude mixture containing nuclei and mitochondria was obtained by centrifugation for 40 min at 22,400× g at 4°C through layers containing 8% Ficoll in 20 mM PIPES, pH 6.8, 1 mM MgCl 2 , and a step gradient of 20%, 30% and 40% glycerol. Sediments obtained after centrifugation were resuspended in lysis buffer and centrifuged for 10 min at 1000× g to remove large debris. The supernatant was centrifuged at 22,400× g for 15 min at 4°C and was used as starting material for further purification. Staining of the DNA with 4′,6-diamidino-2-phenylindole (DAPI) revealed that both nuclei and mitochondria were present in this fraction. All of the following steps were carried out in extraction buffer (50 mM Tris-HCl, pH 7.4, 25 mM KCl, 50 mM NaCl, 20% glycerol, and a cocktail of protease inhibitors). To isolate hydrophobic membrane proteins, samples were extracted with 1 M NaCl, 25 µg/mL DNase, and 25 µg/mL RNase for 30 min on ice, followed by centrifugation for 5 min at 13,000 rpm (microfuge). The sediments were then incubated with 0.1 M sodium carbonate/5 mM dithiothreitol (DTT) for 15 min on ice. The material recovered after centrifugation for 10 min at 13,000 rpm (microfuge) was subjected to Triton ® X-114 phase separation. To this end, the samples were incubated with 2% Triton X-114 in extraction buffer without glycerol for 15 min on ice, followed by 5 min at 37°C. The samples were centrifuged at room temperature for 5 min at 13,000 rpm (microfuge) to separate the aqueous from the detergent phase. Aliquots of the different purification steps were analyzed by SDS-PAGE and silver staining of the gel (Figure 1) . The detergent phase obtained after phase separation contained a prominent band of approximately 29 kDa molecular mass ( Figure  1 , labeled with an arrowhead).
To further characterize this 29-kDa protein, material in the detergent phase was separated by SDS-PAGE under denaturing conditions, and the gels were briefly stained with Coomassie ® R250 in 7% methanol/5% acetic acid (Table 1) were identical to the published sequence for the outer mitochondrial membrane protein Por1p in S. cerevisiae.
We estimate that with the method described here, 50-100 µg of Por1p can be purified from 1 L of yeast culture. Because many laboratory yeast strains fail to grow well on minimal medium containing ethanol or glycerol (9) and a variety of mutant strains cannot metabolize galactose, we chose glucose as a carbon source to make the procedure applicable to a wide variety of strains with different genetic backgrounds. However, under these growth conditions, mitochondrial respiration is inhibited in yeast cells and closure of VDAC/Por1p channels may play a role in this process (10) . It is therefore possible that cells that have been grown on medium containing a nonfermentable carbon source or galactose may produce higher yields of purified Por1p.
It should also be noted that although VDAC is located predominantly in the outer mitochondrial membrane, the ion channel has also been found associated with other membranes in higher eukaryotes (11) . This includes the plasma membrane, sarcoplasmic reticulum, and nuclear envelopes (Reference 11 and references therein). To our knowledge, no published data are available that demonstrate the presence of Por1p in extramitochondrial membranes of S. cerevisiae; however, it is tempting to speculate that Por1p also plays a role in the endoplasmic reticulum or nuclear envelope, where it might regulate the transport of macromolecules or nuclear organization. If a portion of Por1p resides in the nuclear envelope of yeast cells, it is also likely to be present in the purified fraction. The starting material used for purification contains both nuclei and mitochondria (see above), and we expect nuclear Por1p to partition into the Triton X-114 phase similarly to its mitochondrial counterpart.
Taken together, we describe a protocol for the rapid purification of Por1p from budding yeast that should be useful for further analyses of the ion channel. Following sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) through a 12% gel, the 29-kDa protein was excised and digested with trypsin. Partial sequence information was obtained for two tryptic peptides (Harvard Microchemistry Facility, Harvard Medical School). The amino acid sequence for both peptides is shown and compared to the sequence published for Por1p. Numbers given for the Por1p sequence indicate the positions of the amino acid residues in the protein.
